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Abstract: Bupleurum latissimum Nakai is a critically important endangered plant belonging to the family Apiaceae. Seed germination
was promoted by soaking in the dormancy breaker gibberellic acid (GA3) (50% germination as compared with 4% of the control). An
optimal temperature for germination of seed previously soaked in GA3 solution was determined by incubation at various temperatures.
Seed germination of 31.8% was observed at 25 °C. These results indicate that the seeds of B. latissimum are difficult to germinate,
even when treated with GA3. The greatest callus induction (94.8%) was observed in root explants of seedlings grown on MS medium
containing a specific concentration of 2,4-dichlorophenoxyacetic acid (2,4-D) (1.0 mg L–1) and N6-benzyladenine (BA) (3.0 mg L–1).
Induction of somatic embryo was observed in 78.5% of the root segment cultured on MS medium containing 3.0 mg L–1 2,4-D alone.
The highest shoot induction rate was obtained in MS medium containing 30 g L–1 sucrose (number of shoots, 6.8; average length of
shoot, 8.8 cm). After acclimation in artificial soil (1:1:1 mixture of peat moss, perlite, and sand) and transfer to the greenhouse, 98% of
plantlets survived over 2 months. This in vitro propagation protocol will be very useful for the conservation of this critically endangered
plant.
Key words: Bupleurum latissimum Nakai, callus, endangered, endemic, GA3, regeneration

1. Introduction
The genus Bupleurum belongs to the family Apiaceae
and comprises approximately 200 species, mainly
distributed throughout Eurasia. Most species are
perennial herbs and some are annuals or shrubs (Hiroe
and Contance, 1958; Ohwi, 1978; Hiroe, 1979). The root
of the plants from the genus Bupleurum has long been
considered one of the most important traditional herbal
medicines in East Asian countries (Guo et al., 1997;
Testai et al., 2005; Kiyohara et al., 2006). These plants are
pharmacologically useful due to their antiinflammatory,
antihepatotoxic, and antiseptic activities, which have
been attributed to saponins and sapogenins (Chang and
Hsu, 1991; Kato et al., 1994; Hsu et al., 2000; Leung et
al., 2005). Furthermore, saikosaponins A, B2, C, and D
have been shown to possess activity against the human
immunodeficiency virus (Ito et al., 1987), measles, the
herpes simplex virus (Ushio and Abe, 1992), and the
hepatitis B virus (Chiang et al., 2003).
Bupleurum latissimum Nakai is restricted to only two
small populations on the steep cliffs of a small island
(Ulleung Island) in South Korea. Recently, the wild native
population size has declined rapidly. For this reason, the
* Correspondence: khbae7724@korea.kr
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Korean Ministry of Environment has designated the species
as Threatened to Extinct, the first grade of preservation
(Lee and Choi, 2006). Furthermore, the propagation of
this species from seeds is particularly challenging because
seeds germinate with difficulty and lose their viability in
a short period of time. Furthermore, propagation from
seeds often results in a high variability in the progeny.
Plant tissue culture is a powerful alternative technique
for the conservation and propagation of plants, particularly
for those that are rare and difficult to propagate by
conventional methods. There are some reports about in
vitro callus and shoot regeneration and ex vitro acclimation
of various Bupleurum species such as Bupleurum falcatum
(Hiraoka, 1989; Hsu et al., 1993) and Bupleurum kaoi
(Chen et al., 2004; Chen et al., 2006). However, to date,
no studies have been published on seed germination and
callus-derived embryogenesis in B. latissimum.
The objectives of this study were focused on seed
pretreatment for breaking dormancy and determination of
the optimal temperatures for germination to propagate this
plant on a large scale. We also report the establishment of a
high-frequency plant regeneration system in B. latissimum
via somatic embryogenesis.
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2. Materials and methods
2.1. Plant materials and seed preparation
Seeds of Bupleurum latissimum Nakai were collected from
a wild population growing on Ulleung Island (Korea) in
late September 2012 (Figure 1a). After the seed capsules
(Figure 1b) were cleaved with a scalpel blade, the seeds
were scraped off. Seeds were routinely cleaned by sieving,
dried over silica gel, and stored in air-tight screw-capped
jars in a 4 °C chamber until used. Provided that dark green
seeds were plump and fully developed when picked, they
ripened and turned dark brown naturally post harvest,
and germination rates were identical to those of fully
mature seeds (Figure 1c). Seed viability was evaluated
using the tetrazolium test (Lakon, 1949), with a solution
of 1% 2,3,5-triphenyltetrazolium chloride (Sigma, USA),
which stains viable endosperms and embryos red (Figure
1d). Seeds used for experiments investigating the effects
of gibberellic acid (GA3) and temperature were spread
evenly over filter paper (Whatman No. 2, Qualitative,
Germany) in sterile, disposable petri dishes (SPL, Korea).
Filter papers were presterilized by autoclaving at 121 °C
and 120 kPa for 20 min. Dishes were moistened with 5 mL
of distilled water per dish every 2 days.
2.2. Measurement of the effects of temperature and GA3
treatment on seed germination
Seeds were soaked in GA3 at concentrations of 0, 200, 400,
800, or 1000 mg L–1 for 24 h in darkness at 30 °C. Thereafter,

the seeds were incubated at temperatures of 15, 20, 25, or 30
°C in incubators with controlled photoperiods (12 h : 12 h,
light: dark interval). Three replicates of 100 seeds for each
of the above treatments were placed in petri dishes with
two layers of filter paper saturated with 5 mL of distilled
water. The dishes were placed in growth chambers (60%
humidity, 30 µmol m–2 s–1, Sanyo, Japan) for 30 days. A
seed was considered to have germinated when the radical
extension was at least 2 mm long.
2.3. Determination of the effects of explant type and
growth regulators on callus induction
Aseptically excised leaf, petiole, stem, and root explants
(petiole, stem, and root, 10 mm; leaf, 5 mm2) from 20-dayold seedlings were cultured on MS medium (Murashige
and Skoog, 1962) supplemented with 0, 0.5, or 1.0 mg L-1
of α-naphthalene acetic acid (NAA), indole-3 acetic acid
(IAA), and 2,4-dichlorophenoxyacetic acid (2,4-D) in
combination with 0, 1.0, or 3.0 mg L–1 of N6-benzyladenine
(BA) for callus induction. All media were supplemented
with 30 g L–1 of sucrose and solidified with 8.0 g L–1 of plant
agar, and adjusted to a pH of 5.8 before autoclaving at 121
°C for 20 min. Calli were maintained under cool white
fluorescent lights (30 µmol m–2 s–1) on a 16-h photoperiod
at 25 °C. The frequency of callus induction was evaluated
after 12 weeks of culture. Thirty explants (each leaf, petiole,
stem, and root) were incubated for each treatment and
repeated 3 times.

a

b

c

d

Figure 1. Habitat and seed of B. latissimum: (a) habitat (coast of Ullung Island in South
Korea); (b) capsules; (c) seed; (d) tetrazolium test of seed. Scale bar: b = 100 mm; c and
d = 2 mm.
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3. Results
3.1. Effects of GA3 concentration and temperature on
seed germination
B. latissimum seeds were extremely small, with a dry
seed weight of approximately 0.84 mg/100 seeds, and
approximately spherical with a diameter of 1.8 mm. The
differences in the germination percentages of B. latissimum
seeds in distilled water versus four different concentrations
of GA3 at 15, 20, 25, or 30 °C are shown in Figure 2. At 25
°C, treatment with GA3 at 200, 400, 800, or 1000 mg L–1
resulted in germination of 18.9%, 24.6%, 31.5%, or 31.8%
of seeds, respectively. The effect of the 800 and 1000 mg
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2.4. Somatic embryo induction and development
To investigate the influence of 2,4-D on the root derived
callus, calli were transferred onto an MS medium with
various concentrations of 2,4-D (0, 1.0, 2.0, 3.0, 4.0, or
5.0 mg L–1). Somatic embryo induction was assessed by
counting the total number of heart-stage somatic embryos
after 5 weeks of culture. Twenty explants were cultured
in each petri dish. Each experiment was performed in
triplicate. The culture room was maintained at 25 ± 1 °C
with a 16-h photoperiod under 30 µmol m–2 s–1 cool white
fluorescent light.
2.5. In vitro plant regeneration and soil transfer
Somatic embryos were transferred to 0.5×, 1×, or 2× MS
medium supplemented with various sucrose concentrations
(0, 30, or 50 g L–1) for the development of plantlets. The
frequency of somatic embryo germination was evaluated
by counting the germinated embryos with both shoot and
root formation after 8 weeks of culture. Plantlets with welldeveloped leaves and roots were transplanted into plastic
pots (10 × 10 × 18 cm) containing an artificial soil mixture
[peat moss, sand, and perlite] and covered with polyvinyl
bags for the first week. Substrate mixtures used for the
test were: PM, only peat moss; PL, only pearlite; SD, only
sand; PM + PL, mixed peat moss and pearlite (1:1); PM
+ SD, mixed peat moss and sand (1:1); PM + PL + SD,
mixed peat moss, pearlite, and sand (1:1:1). Transplanted
plantlets were maintained for acclimation in the culture
room (30 µmo lm–2 s–1, 16-h photoperiod, 25 ± 1 °C)
for 4 to 5 weeks. Thereafter, plants were transferred to a
greenhouse. The survival rate of the plants was assessed
after 2 months of transfer. Thirty plantlets were planted,
and each experiment was performed 3 times.
2.6. Statistical analysis
All data were expressed as the mean ± standard deviation
(SD) and analyzed using analysis of variance (ANOVA).
Significant differences among the treatments were
determined by performing multiple comparison tests
using Duncan’s multiple range test with P < 0.05 defined
as significant.

15 °C

20 °C

25 °C

30 °C

40
30
20
10
0

0

800
200
400
GA3 concentration (mg/L)

1000

Figure 2. Effects of GA3 concentration and various temperatures
on seed germination of B. latissimum. Final germination was
determined at 30 days after sowing in a growth chamber. Vertical
bars indicate mean ± SD of three replications.

L–1 concentration of GA3 on the germination percentage
was nearly the same. At 25 °C, the control (0 mg L–1 GA3)
seeds germinated very poorly (only 2.8%) (Figure 2).
Temperature had a significant effect on seed germination
of B. latissimum. A temperature of 25 °C produced the
highest seed germination percentages under various GA3
treatments. Multiple comparisons showed that there were
no significant differences in seed germination between 15
(14.3%) and 30 °C (14.7%) treated by GA3 1000 mg L–1.
Temperature and GA3 also had a synergistic effect on seed
germination of B. latissimum (Figure 2).
3.2. Callus induction and somatic embryogenesis
Leaf, petiole, stem, and root segments of seedlings were
cultured on an MS medium supplemented with NAA,
IAA, and 2,4-D in combination for callus induction.
Calli were induced from all segments treated with plant
growth regulators (PGRs), whereas all types of controltreated explants (without PGRs) showed no response
(Figure 3a). Although 94.8% of the root (Figure 3b) and
91.4% of the leaf (Figure 3c) segment (Table 1) produced
yellow calli, calli with adventitious roots were obtained
from 29.8% (Table 1) of the stem (Figure 3d) segment on
an MS medium with 3.0 mg L–1 BA and 1.0 mg L–1 2,4-D.
Also, green calli were obtained from 25.4% of the petiole
segment (Table 1) on an MS medium containing 1.0 mg
L–1 BA and 1.0 mg L–1 2,4-D (Figure 3e). The calli derived
from root explants were subcultured on an MS medium
supplemented with 3.0 mg L–1 2,4-D (78.5%, 284.6 somatic
embryos/petri-dish). Until 1 month of culture, there was
no sign of somatic embryo development from the calli.
After 2 months of culture, early globular somatic embryos
formed on the surface of the calli from the root explant
(Figure 3f). When globular-stage somatic embryos were
subcultured on a medium with 2,4-D, embryogenic callus
was produced with high frequency (Table 2).
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Figure 3. Callus induction of B. latissimum: (a) root on an MS medium without PGRs (control); (b) root on an MS medium supplemented
with 1.0 mg L–1 2,4-D and 3.0 mg L–1 BA; (c) leaf (1.0 mg L–1 2,4-D with 3.0 mg L–1 BA); (d) stem (1.0 mg L–1 2,4-D with 3.0 mg L–1
BA); (e) petiole (0.5 mg L–1 2,4-D with 3.0 mg L–1 BA); (f) somatic embryo induction of callus derived from root in an MS medium
supplemented with 3.0 mg L–1 2,4-D after 5 weeks of culture. Scale bars: a and b = 40 mm; c, d, e, and f = 10 mm.
Table 1. Effect of various kinds of auxins (NAA, IAA and 2,4-D) and BA on callus formation from leaf, petiole, stem, and root of B.
latissimum on an MS medium including 30 g L–1 sucrose after 5 weeks of culture.
PGRs (mg L–1)

Callus induction (%)

BA

NAA

IAA

2,4-D

Leaf

Petiole

Stem

Root

0

0

0

0

0

0

0

0

0.5

-

-

58.6 ± 2.8*g

13.1 ± 1.3gh

11.1 ± 1.3ef

66.8 ± 3.2fg

1.0

-

-

62.8 ± 1.3f

15.5 ± 1.4f

13.3 ± 1.4e

67.7 ± 1.6f

0.5

-

-

77.6 ± 2.6e

11.1 ± 1.1hi

18.7 ± 1.2c

78.4 ± 1.2e

1.0

-

-

79.1 ± 3.1d

12.6 ± 2.1h

17.3 ± 1.4c

76.5 ± 1.6e

-

0.5

-

55.1 ± 1.6h

7.3 ± 1.6ij

8.3 ± 1.6g

61.7 ± 1.7hi

-

1.0

-

57.3 ± 2.3gh

9.1 ± 1.8i

11.8 ± 2.3ef

64.9 ± 1.3h

-

0.5

-

51.4 ± 3.3ij

13.1 ± 1.6g

13.4 ± 2.5e

60.7 ± 1.2i

-

1.0

-

53.7 ± 4.1i

17.4 ± 2.2e

16.6 ± 1.6cd

58.7 ± 2.3j

-

-

0.5

87.4 ± 5.3b

21.3 ± 1.1c

22.1 ± 2.1bc

88.2 ± 2.1c

-

-

1.0

84.6 ± 1.6bc

25.4 ± 1.9a

24.4 ± 1.5b

87.1 ± 1.6cd

-

-

0.5

89.7 ± 2.9ab

24.6 ± 1.8ab

28.8 ± 1.6a

92.9 ± 1.8b

-

-

1.0

91.4 ± 3.5a

18.7 ± 1.4d

29.8 ± 2.2a

94.8 ± 1.6a

1.0
3.0
1.0
3.0
1.0
3.0

*Data are the means ± SD of three experiments (n = 20). Different alphabetical letters are significantly different according to Duncan’s
multiple range test at P < 0.05.
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Table 2. Effect of 2,4-D concentrations on somatic embryogenesis from root-derived callus of B. latissimum on an MS
medium including 30 g L–1 sucrose after 5 weeks of culture.
2,4-D concentration (mg L–1)

Induction of somatic embryo (%)

No. of somatic embryos/petri dish

0

41.6 ± 1.7*e

118.4 ± 11.6f

1.0

56.1 ± 2.6c

210.5 ± 12.5cd

2.0

59.3 ± 3.6bc

244.1 ± 13.7b

3.0

78.5 ± 1.5a

284.6 ± 9.6a

4.0

61.1 ± 3.9b

211.1 ± 3.9c

5.0

54.3 ± 4.8cd

188.7 ± 8.3e

*Data are the means ± SD of three experiments (n = 20). Different alphabetical letters are significantly different according
to Duncan’s multiple range test at P < 0.05.

3.3. Somatic embryo germination and plant production
To determine somatic embryo germination from globular
embryos, the globular embryos were transferred onto various
concentrations of media (0.5×, 1×, or 2× MS) supplemented
with various sucrose concentrations (0, 30, or 50 g L–1). After
2 weeks of culture, globular embryos sprouted shoots (Figure
4a), and after 4 weeks of culture, roots formed (Figure. 4b).
The shoots (number of shoots, 6.8; average length of shoot,
9.1 cm) and roots (number of roots, 9.3; average length of
root, 4.6 cm) were obtained in an MS medium containing
30 and 50 g L–1 of sucrose (Table 3; Figure 4c). However,
there was not a remarkable difference in the growth of
plantlets among the media and sucrose (Table 3). After 5
weeks of culture, regenerated somatic embryos converted
into plantlets with well-developed leaves and roots in the

culture box (Figure 4d). When the converted plantlets were
acclimated in artificial soil (PM + PL + SD; shoot part 15.4
cm, root part 14.4 cm) and transferred to the greenhouse,
approximately 98% of the plants survived 2 months after
transfer (Table 4; Figure 4e).
4. Discussion
Kong (2009) observed a similar result on the induction
and promotion of germination after 24-h presoaking in
200 mg L–1 GA3 in Scrophularia takesimensis. The effective
concentration of GA3 for promoting germination of many
wild and cultivated plants varies widely: 250–500 mg L–1
for Megaleranthis saniculifolia (Lee et al., 2003), 250 mg
L–1 for Commelina communis, 100 mg L–1 for Belamcanda
chinensis (Park et al., 1995), and 50 mg L–1 for Dianthus

Table 3. Effect of the medium strength and sucrose concentration on plant regeneration from conversion embryos of B. latissimum after
8 weeks of culture.
MS strength
1/2

1

2

Sucrose (g L–1)

No. of shoots

Length of shoot (cm) No. of roots

Length of root (cm)

0

5.3 ± 0.8*e

7.7 ± 1.3a

8.4 ± 1.2a

4.2 ± 0.9a

30

5.5 ± 0.5cd

7.4 ± 1.5a

7.8 ± 1.7a

4.3 ± 0.7a

50

5.6 ± 0.2c

8.1 ± 1.9a

8.6 ± 1.1a

4.4 ± 1.2a

0

6.2 ± 1.1b

7.8 ± 1.2a

8.4 ± 1.6a

4.1 ± 1.3a

30

6.8 ± 1.3a

8.3 ± 1.6a

9.1 ± 1.4a

4.3 ± 0.9a

50

6.1 ± 0.9b

7.9 ± 1.3a

9.3 ± 0.8a

4.2 ± 1.1a

0

6.2 ± 0.8b

8.8 ± 1.6a

8.8 ± 1.3a

4.6 ± 1.4a

30

6.7 ± 0.4ab

7.9 ± 1.3a

8.4 ± 0.6a

4.2 ± 1.3a

50

6.3 ± 1.2b

9.1 ± 1.2a

8.6 ± 0.7a

4.6 ± 1.1a

*Data are the means ± SD of three experiments (n = 20). Different alphabetical letters are significantly different according to Duncan’s
multiple range test at P < 0.05.
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a

b

c

e

d

Figure 4. Plant regeneration from somatic embryogenesis: (a) germination of somatic embryos after 2
weeks of culture; (b) rooting; (c) in vitro regeneration from somatic embryos in MS without 2,4-D after
4 weeks of culture; (d) shoot and root elongation of germinated somatic embryos in 1/2 MS medium
supplemented with 50 g L–1 sucrose after 5 weeks of culture; (e) plantlets transferred into pot. Scale bar: a =
40 mm; b and c = 2 mm; d = 1 mm; e and f = 25 mm.

Table 4. Effect of several substrates on the growth and survival of plantlets of B. latissimum transplanted to soil pots after 8 weeks of
culture.

Soil substrate

Shoot part

Root part

L/P (cm)

Fwt/P (g)

Dwt/P (g)

L/P (cm)

Fwt/P (g)

Dwt/P (g)

PM

7.9 ± 1.9*c

2.3 ± 0.7c

0.18 ± 0.01a

8.7 ± 1.8cd

1.5 ± 0.8a

0.44 ± 0.08a

PL

7.4 ± 1.4c

2.8 ± 0.8b

0.16 ± 0.02a

9.0 ± 1.7c

1.7 ± 0.9a

0.39 ± 0.07a

SD

8.2 ± 1.7c

3.1 ± 0.6ef

0.16 ± 0.03a

7.2 ± 2.3e

1.7 ± 0.5a

0.51 ± 0.04a

PM + PL

10.3 ± 2.3b

3.3 ± 0.7d

0.17 ± 0.02a

11.1 ± 1.9b

1.8 ± 0.6a

0.48 ± 0.03a

PM + SD

11.7 ± 1.3b

2.9 ± 1.3e

0.16 ± 0.03a

13.8 ± 1.6ab

1.5 ± 0.4a

0.69 ± 0.09a

PM + PL + SD

15.4 ± 4.7a

3.8 ± 1.3a

0.17 ± 0.04a

14.4 ± 1.4a

1.9 ± 0.7a

0.48 ± 0.07a

*Data are the means ± SD of three experiments (n = 20). Different alphabetical letters are significantly different according to Duncan’s
multiple range test at P < 0.05. L/P = length per plantlet, Fwt/P = fresh weight per plantlet, Dwt/P = dry weight per plantlet.
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superbus (Shim et al., 1993). In the seed germination of
native plants, there are many reports that GA3 can promote
seed germination by reducing the period of dormancy or
by breaking dormancy (Kim and Um, 1995; Kettenring and
Galatowitsch, 2007; Chen et al., 2009). In many studies,
the embryogenic capacity to produce somatic embryos
has been shown to be affected by the type of explants
and their maturity (Zheng et al., 1998; Bang et al., 1999;
Catarina et al., 2004; Kim et al., 2006; Luciani et al., 2006).
Furthermore, 2,4-D is effective not only for induction of
somatic embryogenesis, but also for maturation of somatic
embryos in species such as Picea glauca (Tremblay,
1990), and Helianthus annuus (Prado and Berville, 1990).
However, in Arabidopsis thaliana, early-stage somatic
embryos did not develop further in a 2,4-D-containing
medium (Raghavan, 2004). In B. latissimum, 2,4-D is
necessary to induce somatic embryos, but detrimental for

the further growth of globular embryos. The differences
in shoot regeneration on different media may be due to
the differences in NO3-/NH4+ ratios, an important factor
in nitrogen uptake and pH regulation in plant tissue
culture (Fracago and Echeverrigaray, 2001). In conclusion,
the seeds of B. latissimum were deeply dormant, and this
dormancy could not be broken by osmotic treatment.
However, the seed dormancy could be broken by soaking
the seeds in GA3 solution with an optimal seed germination
temperature of 25 °C. These results will be useful for the
mass propagation of B. latissimum, which is considered
an endangered plant. In addition, we established a highfrequency plant regeneration via somatic embryogenesis
in B. latissimum. This protocol can be applied to the mass
propagation of this endangered endemic species and can be
applied to molecular breeding by genetic transformation
in B. latissimum.
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